c Japanese encephalitis virus (JEV) was isolated from the cerebrum of a calf which showed severe neurological symptoms in late September 2009, and the JEV isolate was revealed to be of genotype 1. This is the first report describing the isolation of genotype 1 JEV from cattle.
nested PCR were performed for detection of Japanese encephalitis virus (JEV) RNA with the use of a Qiagen OneStep RT-PCR kit (Qiagen, Valencia, CA, USA) and the Qiagen Taq PCR master kit (Qiagen), respectively (1, 2). The cerebrum tested positive for JEV, but the medulla oblongata and cerebrospinal fluid tested negative. The homogenate of the cerebrum was then subjected to virus isolation by intracranial inoculation into suckling mice (1). As a result, JEV was isolated from the brains of the mice. From the JEV isolate, which we named JEV/bovine (Bo)/Miyazaki/1/2009, cDNAs containing the E region and 3= untranslated region (3=UTR) were amplified by RT-PCR with the use of a Qiagen OneStep RT-PCR kit and the primer sets that were originally designed for amplifying the E region and the 3=UTR of JEV isolates in Japan in 2002 to 2004 (3) . In addition, RT-PCR was performed with several other primer sets for determination of the complete genome sequence. The 5=-terminal sequence was determined by using the rapid amplification of 5= cDNA ends (5=RACE) system (Invitrogen, Carlsbad, CA, USA). The 3=-terminal sequences were determined with viral RNA, to which we added a poly(A) tail at the 3= end with a poly(A) tailing kit (Ambion, Austin, TX, USA) by using the 3=RACE system (Invitrogen) (4). All the primers used for the RT-PCR, nested PCR, 5=RACE, 3=RACE, and sequencing are shown in Table 1 . The nucleotide sequences of JEV/Bo/Miyazaki/1/2009 and other isolates of JEV were aligned by the Clustal W program (5); then phylogenetic trees of the E region and the complete genome were constructed with MEGA5 using the neighbor-joining method, and the reliability of the branching orders was evaluated by the bootstrap test (n ϭ 1,000) (6). As a result, the JEV isolate was found to contain 10,965 nucleotides and clustered with other isolates belonging to JEV genotype 1 (G1) ( Fig. 1 and  2 ). Based on the phylogenetic analysis of the E region, the JEV isolate, JEV/Bo/Miyazaki/1/2009, was most closely related to SH03-130, an isolate from Culex tritaeniorhynchus in Shanghai, China (7), and also closely related to JaNAr07-04 and JEV/equine The samples collected from the affected calf were also screened for orthobunyaviruses (10), bovine herpesvirus 1, and Borna disease virus (11, 12) , but all the samples tested negative (data not shown). Protocols for the animal experimentation involved in this report were approved by the Institutional Animal Care and Use Committee of the National Institute of Animal Health.
No gross lesions were observed in the brain, spinal cord, or other organs of the calf; however, the histological examination revealed nonsuppurative encephalomyelitis (Table 2 ). In the cerebrum, diffuse neuronal degeneration and necrosis were observed mainly in the gray matter, and neuronophagia was also occasionally detected. Perivascular infiltration of lymphocytes (Fig. 3A) and glial nodules (Fig. 3B ) was detected widely in the gray and white matter of the cerebrum, and diffuse lymphocytic infiltration was detected in the cerebral medulla. Also, nonsuppurative meningitis was observed in the cerebrum, cerebellum, and midbrain. Histological findings in other parts of the central nervous system included neuronal necrosis, microglial infiltration, perivascular infiltration, and glial nodules, and all of these were detected in the cerebellum, midbrain, pons, medulla oblongata, and spinal cord, except that glial nodules were not detected in the cerebellum. No histological findings were observed in the heart, lung, liver, kidney, or spleen, except for slightly thickened alveolar septa in the lungs.
An immunohistochemical (IHC) assay was performed using a Histofine SAB-PO kit (Nichirei, Tokyo). Anti-JEV polyclonal mouse serum (kindly provided by the Chuo Livestock Hygiene Service Center of Chiba Prefecture, Japan), which was produced in a mouse immunized with whole inactivated virus (NakayamaYakken strain of JEV) (13) diluted 1:2,000, was used as the primary antibody for detection of JEV antigen. As a result, strong immunoreactivity for JEV antigens was revealed mainly within the cytoplasm of neurons and nerve axons in the cerebrum (Fig. 4A to C and Table 2 ). The immunoreactivity for JEV was also observed occasionally in the cerebellum, pons, and spinal cord, including the cervical, thoracic, and lumbar spinal cord (Fig. 4D to F and Table 2 ).
The histopathological diagnosis of the calf's case was neuronal necrosis and neuronophagia with nonsuppurative encephalomyelitis and meningitis. These lesions are consistent with a neurono- tropic viral infection, such as Akabane virus (AKAV) and JEV (14) (15) (16) . We detected JEV RNA in the homogenate of the cerebrum of the affected calf, and we detected JEV antigen in the cerebrum, cerebellum, pons, and spinal cord. We isolated JEV from the cerebrum, and therefore, we diagnosed this case as Japanese encephalitis (JE) of a calf. This diagnosis was also supported by serological evidence of a JEV epidemic in the central area of Miyazaki Prefecture that showed the prevalence of anti-JEV hemagglutination inhibition (HI) antibodies in porcine sera ( . This is the first report describing the isolation of G1 JEV from cattle. Among the five genotypes of JEV based on the sequence of the E region, which encodes envelope protein (17) , the dominant genotype shifted from 3 to 1 in Japan in the mid-1990s (3, 8, 18, 19) . It is thus thought to be JEV genotype 3 (G3) that caused natural infection in cattle or was used for an experimental infection of calves in the 1940 to 1950s (20) (21) (22) , and it was also the G3 P20778 strain which was used for an experimental infection of cattle in India (23) . A natural case of JE in an 18-month-old cow was reported in Chiba Prefecture, Japan, in 1996 (16), and JEV was isolated from the affected cow in this case; however, there has been no report that described the genotype of the isolate.
Although our data clearly indicated that in the calf's case the causative agent was JEV, it remains unclear why the calf developed the disease, since cattle usually have undetectable or no viremias after JEV infection (22, 23) . Among humans, children are at high risk for a fatal outcome of JE (24) , and the age of the calf may have contributed to the outcome in this case, but the number of bovine JE cases is quite low and seems not to be enough to discuss the age dependency of JE in cattle (16, 20, 21) .
The immune status of the calf might not have been good, because a pathological change-slightly thickened alveolar septawas observed in the lungs, but there was no available information about indicators of the calf's immune status. The main factors for the development of the disease might have been in the JEV isolate, JEV/Bo/Miyazaki/1/2009; however, the JEV isolate was not very unique but similar to other isolates of JEV found in recent years with regard to the deletion observed in the 3=UTR, which was suggested to influence viral replication (4, (24) (25) (26) , and the phylogenetic characteristics of its E region and its complete genome.
Further studies are needed for the elucidation of viral replication in vitro and in vivo. Also, we desire to clarify the pathogenicity of the JEV/Bo/Miyazaki/1/2009 isolate in cattle. Furthermore, testing for JEV is recommended in bovine cases that exhibit nonsuppurative encephalomyelitis or encephalitis but are negative for other viruses that cause neurological disorders, such as AKAV and 
